Data for the Chinese province of Hubei are used to assess the performance of Kronenberg's CHARM, a method that takes explicit account of cross-hauling when constructing regional input output tables. A key determinant of cross-hauling is held to be the heterogeneity of commodities, which is estimated using national data. However, contrary to the authors' findings for Finland, CHARM does not generate reliable estimates of Hubei's sectoral exports, imports and volume of trade, although it is more successful in estimating sectoral supply multipliers. The poor simulations of regional trade are attributed to the fact that Hubei is a relatively small region, where there is a large divergence between regional and national technology and pattern of final demand. The simulation errors are decomposed into components reflecting differences between regional and national technology, final demand and heterogeneity. The third component is found to be the least important of the three sources of error.
INTRODUCTION
Regional input output tables are a very useful tool for regional planning, yet constructing a survey-based regional table can be a complex, expensive and lengthy task. Consequently, analysts typically endeavour to 'regionalize' the national table, so that it corresponds as far as possible to a region's economic structure (Jackson, 1998) . However, standard methods of regionalization especially those based on the commodity balance (CB) method or on simple location quotients (SLQs) are prone to understate interregional trade. This problem occurs because these methods disregard cross-hauling (the simultaneous exporting and importing of a given commodity) and do not consider a region's relative size.
In an effort to tackle the problem of cross-hauling, Kronenberg (2009) proposed an innovative new non-survey routine for constructing regional tables, the Cross-Hauling Adjusted Regionalization Method (CHARM). CHARM incorporates a systematic procedure for adjusting the volume of imports and exports to allow for cross-hauling, which is held to vary directly with the heterogeneity of products, along with regional output and demand.
Whereas abundant empirical evidence exists on the relative performance of the SLQ and related techniques, little is known about the likely effectiveness of CHARM as a way of regionalizing national input output tables. In fact, the only empirical studies currently available are those by Flegg and Tohmo (2013a) , who examined data for Finland and its largest province, Uusimaa, and Kronenberg and Többen (2013) , who studied data for the German federal state of Baden Württemberg. More tests are clearly needed, especially for 4 the SLQs do not always tell us the whole story about an industry's regional importance. For instance, the chemical industry, sector 12, accounts for a substantial 5.7% of Hubei's output, yet its SLQ is well below unity. Table 1 near here 
CROSS-HAULING AND CHARM
CHARM is an example of a pure non-survey method, whereby a very limited amount of regional data (such as sectoral employment) is used to regionalize the national input output table in the initial stages. Although these first steps are entirely mechanical, analysts can subsequently incorporate superior data in an effort to improve their models. Regionalization via the use of location quotients is another example of a pure non-survey approach.
Since CHARM is a refinement of the classical CB approach to constructing a regional input output table (Isard, 1953) , it is appropriate to begin by considering the key concepts underlying the CB method. At the outset, the analyst would need to use the following formula to estimate the demand for each regional sector: 
where r i dt is total regional demand for commodity i in region r, n ij a is the national technical coefficient (the number of units of commodity i, irrespective of source, needed to produce one unit of gross output of national industry j), df is final demand. A key assumption here is that the region and the nation share the same technology. This assumption reflects the fact that data on regional technology are rarely available. Where regional sectoral output is unknown, as is often the case, employment can be used as a proxy.
If , it is presumed that sufficient imports will be available to make up for the shortfall in regional output. Cross-hauling is ruled out. The CB method operates on the principle of maximum local trade, i.e. 'if commodity i is available from a local source, it will be purchased from that source' (Harrigan et al., 1981, p. 71) . One problem with this principle is that it 'ignores the fact that any industry commodity in practice will be an aggregation of a number of quite distinct commodities' (ibid.), so that cross-hauling is almost bound to occur. Moreover, Richardson (1985, p. 613) remarks that '[a] lthough industrial disaggregation helps to relieve the cross [-] hauling problem, it does not solve it.' Consequently, other explanations of crosshauling need to be explored.
Cross-hauling is ubiquitous in small regions that do not represent a functional economic area (Robison and Miller, 1988) but it is also a serious concern in larger regions (Kronenberg, 2009) . It is apt to be encountered in densely populated and highly urbanized countries, especially those where commuting across regional boundaries is important (Boomsma and Oosterhaven, 1992) . Kronenberg identifies the heterogeneity of commodities as the main cause of cross-hauling and CHARM represents a novel way of dealing with this problem.
The interregional trade in automobiles between Hubei and other Chinese provinces is a good example of cross-hauling due to product differentiation. For instance, DongfengCitroën cars are shipped from Wuhan, where this company's headquarters is situated, to Shanghai and Beijing, where Shanghai-Volkswagen and Beijing-Hyundai have their headquarters, while Shanghai-Volkswagen and Beijing-Hyundai cars are shipped to Wuhan.
Although product differentiation may well be the primary cause of cross-hauling, we should also recognize that many of the forty-two sectors represent an aggregation of several distinct commodities, so that cross-hauling is very likely to occur. Sector 10 exemplifies this point. Suppose that Hubei is an importer of sporting goods but an exporter of paper, printing and stationery; this would create an illusion of cross-hauling, which would vanish if sporting goods were reallocated into a separate sector. Even so, as identical sectoral classifications are used in the tables for China and Hubei, there is no extra heterogeneity from this source. Let us now compare and contrast CHARM with the CB method. A key similarity is that both methods employ national transaction tables that incorporate imports; this is because they aim to capture the underlying technology of production (Kronenberg, 2012) . Also, both employ the concept of a commodity balance; for commodity i, this balance, b i , is defined as:
where e i and m i denote exports and imports, respectively, and b i represents net exports. The value of b i is computed as the estimated output of commodity i minus the estimated sum of intermediate and domestic final use (Kronenberg, 2009, p. 46) . Here the output of each of Hubei's forty-two sectors is given in the official tables and thus does not need to be estimated. However, while CHARM and the CB method yield identical values for b i , they give different values, in general, for the volume of trade, e i + m i . This is because CHARM takes cross-hauling, q i , explicitly into account via the following equation (ibid., p. 47):
Thus q i will be greater, the larger the volume of trade and the smaller the absolute trade balance. In the CB method, q i = 0 as e i > 0 and m i > 0 cannot, by assumption, occur together. By contrast, with CHARM, q i > 0 is possible and, indeed, probable in most cases. For purposes of estimation, Kronenberg posits that q i is proportional to the sum of domestic production, x i , intermediate use, z i , and domestic final use, f i . The factor of proportionality, h i , captures the heterogeneity of commodities, as shown in the equation:
where 0 ≤ h i < ∞ (ibid., p. 51). Consequently, h i = q i /(x i + z i + f i ), where q i is given by equation (4). Kronenberg assumes that h i is invariant across regions and depends solely on the characteristics of products; it can, therefore, be estimated using national data. (This key assumption is reviewed later in the article.) We would get h i = 0 if q i = 0, which would occur if e i = 0 with m i > 0 or m i = 0 with e i > 0 or e i = m i = 0. Table 1 shows that the values of h i based on Chinese national data exhibit considerable diversity.
6 Six sectors have h i = 0.0000, indicating the absence of any cross-hauling (indeed, in most cases, any trade). By contrast, manufacturing sectors 19 and 20 show unusually high values of h i ; this suggests that the products produced in these sectors are very heterogeneous and that there is much cross-hauling. h i is also well above average in other manufacturing sectors such as 12, 16 and 18. Below-average values of h i are found especially in service sectors such as 27, 29 and 31. Sector 34 has an atypically high value of h i for a service sector but this may reflect the possibility that it is less location-specific than most of the other service sectors. Although the results for China look sensible on the whole, there are many sectors where there are large disparities between the national and regional values of h i . This phenomenon is explored in subsequent sections.
COMMODITY BALANCES, EXPORTS AND IMPORTS
At the outset, the following formula was employed to estimate the commodity balance (net exports) for each commodity: 
where
is the ratio of total regional to total national output. This proportional scaling is a very common approach, which is dictated by the lack of more refined data in most cases. Its appropriateness is explored later in this paper.
Equation (5) is all that is needed for the CB method, which does not give separate estimates of exports and imports, and presumes that the volume of trade is equal to the absolute trade balance. However, with CHARM, some further manipulations are required in order to take cross-hauling into account (cf. Kronenberg, 2009, p. 50) . The first step is to rearrange equation (3) to solve for the volume of trade, v i :
where b i (net exports) can be estimated via equation (5). For q i (cross-hauling), we use:
where n i h is the measure of heterogeneity of commodities (based on national data). Finally, we need to rearrange equation (9) to get expressions for regional exports and imports:
We can now estimate Hubei's exports and imports separately, along with its volume of trade. Table 2 highlights the differences between CHARM and the CB method. A key point is that, with the latter, a positive trade balance, b i > 0, yields a corresponding volume of exports but no imports. Conversely, a negative trade balance, b i < 0, generates an equivalent amount of imports but no exports. Cross-hauling is precluded by the CB procedure, whereas CHARM takes this common characteristic of regional trade explicitly into account, which is why it yields a greater volume of both exports and imports. This outcome, which is in accordance with the Finnish findings of Flegg and Tohmo (2013a) , can be verified from Table 2 , where the column sums show that aggregate exports and imports are, respectively, 32% and 50% higher with CHARM. It is also worth noting that the CB method suggests that twenty-five of the forty-two sectors did not import any of their inputs, whereas CHARM finds only five such cases. As regards exports, the CB method classifies seventeen sectors as non-exporters, whereas CHARM identifies only one such case. By comparison, the official data record eight non-exporting and seven non-importing sectors.
ESTIMATING HUBEI'S IMPORTS AND EXPORTS

Table 2 near here
Nevertheless, an intriguing facet of the results in Table 2 is the unexpectedly high volume of trade generated by the CB method: estimated imports are 82% of the official figure, while estimated exports are overstated by 22%. Consequently, the estimated volume of trade is 2.6% above the benchmark. This is a surprising outcome for a method that precludes cross-hauling but it can be explained by the errors introduced by using national data to measure technology and the pattern of final demand, as discussed below.
Another interesting aspect of the results in Table 2 is that aggregate imports and exports from CHARM are well above the official figures (61% higher for exports and 23% higher for imports). In order to explain these discrepancies, it is helpful to decompose the overall error into three components: a scaling error due to the use of scaled national data to estimate regional final demand, f i , and the residual error, g i ; a technology error introduced via the use of national data to estimate regional intermediate transactions, z i ; a heterogeneity error brought about by using national data to measure the degree of heterogeneity of products, h i . overall error = 478,459 -296,790 = 181,669 The first point to note is that the heterogeneity error is identical for exports and imports; this error depends solely on the extent to which r i h and n i h diverge. It is evident that the key 8 reason for CHARM's better overall performance in terms of imports is that the scaling error partly offsets the technology error, whereas these two types of error reinforce each other for exports. It is interesting that, for imports, technology errors are more serious than scaling errors, whereas the converse is true for exports. It is also worth noting that the heterogeneity error is the smallest of the three types of error.
Let us now examine some specific results for imports. In many cases, CHARM's estimates of imported manufactured goods far exceed the official figures, although the massive shortfall in sector 6 is a striking exception to this pattern. A less extreme shortfall occurs in sector 17. Outside of manufacturing, it is noticeable how CHARM yields absurdly low imports for sector 1, while the only anomalous services sector is 34, where CHARM greatly overstates regional imports. Table 3 shows the results of using the official regional figures for f i and g i in place of estimates derived by applying formulae (7) and (8) to scale the national data. The net effect of this change is to raise estimated imports by 26%, from 347,775 to 438,138 million yuan. However, over half of this rise can be traced to sectors 6 and 17. The initial shortfall in imports is largely due to an understatement of final consumption in sector 6 and of gross fixed capital formation in both sectors. Issues of this kind are taken up in the penultimate section of this paper. The use of official data has a big impact in sector 34, cutting its estimated imports by about 25%. Other sectors with pronounced scaling errors include 9, 10, 29 and 31. As expected, scaling errors are negligible for the primary sectors 1 to 5.
Regarding technology errors, Table 3 reveals that the use of official regional intermediate transactions data causes a marked fall in the estimated imports for most manufacturing sectors. Indeed, the upshot of switching from national to regional technology is that aggregate estimated imports fall by 53%, from 438,138 to 206,145 million yuan. This outcome reflects the fact that most sectors in Hubei are more efficient than those in China as a whole, in the sense that they have a lower ratio of intermediate inputs to output. This greater efficiency means that the typical Hubei industry has a lower propensity to import.
The facility to allow for the impact of heterogeneity of products on regional trade is the unique contribution of CHARM, so it is worth exploring this aspect. To do so, it is helpful to substitute equation (9) into (12), so that: (9) into (11), we get:
which gives e i = ½q i for b i < 0 and e i = ½q i + b i for b i > 0. Thus both imports and exports are increasing functions of cross-hauling, q i . Also, depending on whether there is a trade deficit (b i < 0) or surplus (b i > 0), m i and e i also vary with the trade balance. At this stage, however, since we have eliminated both scaling and technology errors, there is no need to consider errors in b i as a possible source of errors in m i and e i . Now let us re-examine the anomalous sector 1. Since b i > 0, the equation m i = ½q i applies, so CHARM's unrealistically low figure for imports must be due to an underestimation of cross-hauling. To demonstrate this, consider the following variant of equation (10), where the estimates of z i , f i and g i have been replaced by official Hubei data:
For sector 1, Table 1 ). This region-specific value of h i yields q i = 0.1603 × 459,099 ≈ 73,594, so that m i = 0.5 × 73,594 = 36,797, which accords with the official imports for sector 1.
Sector 6 is another instance where Table 3 records a massive heterogeneity error. However, when a more realistic figure for h i is used, namely 1723 . 0 r i h rather than 0380 . 0 n i h , estimated imports rise sharply from 6,599 to 29,921 million yuan, the official value. This sector is unusual since Table 3 also reveals huge scaling and technology errors, yet these errors largely offset each other, so the heterogeneity error essentially determines the overall result. A similar outcome occurs in sector 1 but for a different reason: here the scaling and technology errors are negligible and hence hardly affect the overall error.
By contrast, for sector 19, CHARM's estimate of imports is 25,743 million yuan above the official figure. This huge gap is due to a scaling error of -9,696, a technology error of 24,017 and a heterogeneity error of 11,421. Unlike the previous two examples, however, the heterogeneity error is positive, which reflects the fact that , 4217 . 0
Let us now consider CHARM's estimates of exports. Here it is helpful to split the data into two broad groups: sectors 1-22 and 23-42. This dichotomy reflects the fact that, for the first group, CHARM yields smaller overall errors for exports than for imports for seventeen of the twenty-two sectors. For instance, for sector 6, the overall error is 6,110 for exports but -23,892 for imports. By contrast, for the second group, the results are worse for exports in sixteen cases out of twenty. Table 1 shows that this second group spans sectors such as energy, construction, transport and storage, wholesale and retail, hotels, education and public management, whereas the first group is focused on agriculture and manufacturing.
It is striking that CHARM misses the large volume of exports officially recorded for sector 23. As noted in Section 2, Hubei exports much of its electricity to other provinces and CHARM signally fails to capture this aspect. Table 3 shows very big technology and heterogeneity errors for this sector. By contrast, CHARM greatly overstates the exports of sector 30, owing to large errors of all three types. Furthermore, the official statistics show zero or negligible exports for sectors 26, 33, 39 and 42, yet CHARM indicates substantial exports in each case. These are all regionally based sectors for which one would not expect significant exports. Table 3 records big scaling as well as technology errors for sectors 26, 33 and 39, whereas the problem for sector 42 is almost wholly a scaling issue.
From the above discussion, it is obvious that CHARM's estimates of exports and imports for individual sectors should be treated with the utmost caution. Its estimates of the exports of the energy, construction and services sectors are especially unreliable. The primary cause of the poor simulations is the difficulty of getting reliable regional data for final demand, intermediate transactions and the degree of heterogeneity of products. Possible ways round this problem are explored in the penultimate section of the article.
ESTIMATING SUPPLY MULTIPLIERS FOR HUBEI
A multiplier is an invaluable tool for evaluating the impact of fluctuations in the demand for the product of a particular regional sector. Indeed, regional analysts may be more interested in obtaining satisfactory estimates of sectoral multipliers than in estimating regional exports and imports. In this study, supply rather than output multipliers have been computed (Kronenberg, 2012) . Supply multipliers measure the impact of changes in final demand on the total supply of commodities rather than on regional output. They are, therefore, useful in environmental assessments, where the focus is on the total supply of a pollutant rather than on where it was produced. A good example here is the coal imported by Hubei to supply its coal-fired power stations and power plants, as mentioned earlier.
The supply multipliers were computed as follows. First, the supply of each industry j was calculated by summing the regional output of j, x j , and the imports of this product, m j . Secondly, a set of supply-based regional input coefficients was defined as:
where z ij is the total value of intermediate inputs purchased by industry j from sector i, inclusive of goods sourced from within Hubei, from other provinces or from abroad. The coefficient matrix corresponding to equation (16) Lastly, each column of L s was summed to obtain the sectoral supply multiplier, k j :
The results from each method and the official data are displayed in Table 4 .
Table 4 near here
The official data yield a mean supply multiplier of 1.919. This figure suggests that a rise in the final demand for Hubei's industries of one million yuan would raise the total supply of commodities (including products imported from other provinces or from abroad) by 1.919 million yuan on average. CHARM indicates a somewhat higher average rise of 2.078 million, whereas the CB method signals a rise of 2.218 million.
The fact that the CB method invariably produces bigger supply multipliers than CHARM can easily be explained in terms of equation (16): the two methods use identical values for z ij and x j but different values for m j . CHARM produces higher imports because it encompasses heterogeneity and thus cross-hauling. Hence the input coefficients and thus supply multipliers from CHARM are lower than those from the CB method.
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The disparity between the estimated multipliers from CHARM and the CB method also varies across sectors. This divergence is small for sectors producing relatively homogeneous products, where cross-hauling is apt to be insignificant, such as sector 15. Big differences occur in sectors such as 19 and 20, which have very high values of h i and hence exhibit much cross-hauling, especially at the national level (see Table 1 ). Sectors 2, 3 and 22 are unusual as both methods give multipliers close to the minimum of k j = 1; this arises because each sector produces a mere 0.1% of Hubei's total output (see Table 1 ), so intermediate transactions are negligible and a very high proportion of supply comes from other regions. Table 4 reveals that the mean multiplier based on official Hubei data is somewhat lower than CHARM's estimate. This finding can once again be explained in terms of scaling, technology and heterogeneity errors; on average, these errors cause the multipliers from CHARM to be overstated by 0.066, 0.072 and 0.022, respectively.
The scaling error operates via the term m j in equation (16). This error is positive for all but six Hubei sectors, so it tends to lower m j for the typical sector and thereby boost k j . To illustrate, Table 3 shows that CHARM's original estimate of imports for sector 6 is 6,029 million yuan, yet when the official Hubei data for final demand and the residual error are used, estimated imports rise to 23,802 million. Table 4 records a scaling error of 0.194, so the extra imports reduce the estimated supply multiplier from 2.529 to 2.335. The result in sector 17 is even more striking: imports rise from 8,536 to 39,327 million yuan and the multiplier falls from 2.771 to 2.216. These two sectors are, however, rather unusual in terms of the size of their scaling errors.
The technology error operates in a more complex way than the scaling error, as it affects both z ij and m j in equation (16). Here we should note that the multipliers from CHARM and those based on the official Hubei statistics use identical values for x j but different values, in general, for both z ij and m j . As regards z ij , it is helpful to examine the ratio , / j ij i x z which represents the degree of intermediation. With CHARM, the z ij were calculated using the national technical coefficients and hence reflect the national technology, whereas the official tables for Hubei reflect technology specific to this province. In fact, for thirty-four of the forty-two sectors, CHARM gives higher values for
On average, this ratio is 0.619 for CHARM but 0.553 for the official data. This disparity is a key reason why the multipliers from CHARM exceed those based on the official data.
To assess the impact of technological differences, the multipliers were recalculated by using official data for intermediate inputs instead of data derived by multiplying the known output of each sector by the corresponding national technical coefficient. This substitution affected the multipliers directly via the term z ij in equation (16) By adding the direct and indirect effects of using the official regional transactions data, we get the technology effect shown in Table 4 . Although this effect only slightly exceeds the scaling effect on average, the averaging masks the fact that the nineteen negative values go a long way towards offsetting the twenty-three positive ones. Indeed, when absolute values are taken, the mean technology error rises from 0.072 to 0.167. Moreover, many of the individual errors have a big impact on the estimated multipliers. For instance, those for sectors 15 and 39 are overstated by 0.350 and 0.302, respectively. By contrast, the technology error is small for some key sectors such as 1, 6, 17 and 26. In general, however, CHARM's use of national technical coefficients greatly impairs the accuracy of its estimates of sectoral supply multipliers.
Finally, we should explore the effects of employing regional rather than national data to capture the heterogeneity of commodities (see Table 1 ). Using r i h in equation (10) when estimating cross-hauling boosts imports and hence supply for the average sector; this, in turn, slightly lowers the mean multiplier from 1.941 to 1.919, which is the expected value when all three sources of error are removed. There is little overall impact since nineteen sectors have , 
ENHANCING CHARM'S PERFORMANCE
The disappointing results from CHARM suggest that we should explore ways of enhancing its performance. The earlier discussion highlighted three key weaknesses: (i) the use of national technical coefficients to represent regional technology; (ii) the errors in scaling final demand; and (iii) the use of national data to measure the heterogeneity of commodities.
A key obstacle encountered when estimating imports, exports and supply multipliers was that the national technical coefficients did not accurately portray the technical requirements of Hubei's industries, leading to inaccurate estimates of intermediate demand. Productivity in Hubei generally exceeds that in China as a whole, which means that its technical coefficients tend to be smaller than the corresponding national ones. This means, of course, that the proportion of value added primarily labour costs and profits tends to be higher in Hubei than in China as a whole. This problem can be addressed, in principle at least, by using Round's 'fabrication' factor (Round, 1972, p. 6 ).
Round's approach can be implemented via the following formula:
where w denotes value added and x denotes gross output (cf. Miller and Blair, 2009, pp. 356 a . Such adjustments are easy to implement but they presuppose that the analyst is aware of which regional industries diverge significantly from the national value-added ratios and by how much.
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The ratio of total regional to total national output was used to scale national final demand and we now need to consider whether this method could be refined. A possibility in China is to use the ratio of total regional to total national consumption to scale consumption, while retaining the output ratio for the other parts of final demand. These ratios are 0.0379 and 0.0271, respectively, for Hubei. This fresh approach worked well: it cut the overall scaling error for imports from -90,363 to -60,798 million yuan or, relatively speaking, from -20.6% to -13.9% (see Table 3 ). The sectors most affected included 6, 17 and 29.
CHARM assumes that each region has the same pattern of consumption as the nation, so one might ask how realistic this assumption is for Hubei. To explore this issue, the regional sectoral consumption shares were regressed on the corresponding national shares. The resulting equation, , with R 2 = 0.817 and t ratios of -0.78 and 13.35, suggests that it is not unreasonable to assume an identical pattern of consumption. Similarly, the regional sectoral ratios of gross fixed capital formation to output were regressed on the corresponding national ratios. The resulting equation, , with R 2 = 0.904 and t ratios of 1.74 and 19.37, indicates a strong relationship between the regional and national ratios, albeit with some deviation from a 45° line. Taken together, these results offer some support for the refined scaling approach proposed above.
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A final source of error was the use of national data to measure the heterogeneity of 13 commodities. Kronenberg (2009, p. 51) justifies the assumption n i r i h h on the grounds that 'the heterogeneity of commodity i is the same in the region as in the nation', which he says is reasonable 'because product heterogeneity is a characteristic of the commodity, not of a specific geographical location.' While it may well be reasonable to assume that regional and national products exhibit the same degree of heterogeneity, what is more contentious is whether the mix of products in regional and national sectors is sufficiently similar to warrant setting n i r i h h . Jackson (2014) argues, for instance, that this mix is bound to vary across regions; one obvious reason is that not every product included in a national sector would be produced everywhere. He also cites regional differences in tastes and preferences, along with differences in the economic size of regions, as reasons why h while the mean heterogeneity error is only 0.022 for the supply multipliers. However, some large errors occurred in particular sectors, for which differences in product mix might be a key explanation. Therefore, national sectors should be scrutinized to see whether their composition is realistic for the region under study. The values of h i could then be refined if necessary. A final way of enhancing CHARM's performance would be to pursue a hybrid approach, which aims 'to strike a balance between the accuracy of [a regional input output] table and the cost of constructing it' (Kronenberg, 2009, p. 52) . Indeed, Kronenberg advocates the use of just such a strategy; more specifically, he recommends making judicious use of superior data from official sources and partial surveys. For instance, analysts might be able to obtain disaggregated data on regional consumption by households, which could be used to improve the estimates of final demand. Also, partial surveys could be carried out of key sectors and important cells in the regional input output table. Furthermore, Lahr (1993) stresses the importance of obtaining superior data for households and for establishments in resourcebased and 'miscellaneous' sectors. He singles out agriculture and the extractive industries as cases where a divergence between regional and national technology is very likely to occur.
CONCLUSION
This article has employed official data for the Chinese province of Hubei to assess the performance of Kronenberg's CHARM, a new method designed to take explicit account of cross-hauling when constructing regional input output tables. By adjusting the Chinese national tables, CHARM was used to simulate the input output structure of Hubei.
At the outset, Kronenberg's procedure was adopted to measure the degree of heterogeneity, h i , of forty-two separate commodities, using Chinese national data. These values of h i were then used to adjust for cross-hauling and to estimate Hubei's sectoral imports, exports and volume of trade. However, the estimates obtained were often highly unrealistic. Furthermore, CHARM overstated Hubei's total imports by 65,301 million yuan and its total exports by 181,669 million.
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Three sources of error in CHARM's estimates of regional trade were identified via a decomposition analysis. These scaling, technology and heterogeneity errors refer to errors introduced by (i) using scaled national data to estimate regional final demand; (ii) adopting national rather than regional technology; and (iii) using national rather than regional values of h i . In the case of imports, these errors amounted to -90,363, 231,993 and -76 ,329 million yuan, respectively. By contrast, for exports, the scaling and technology errors were 173,119 and 84,879 million, respectively, while the heterogeneity error was as before. It is worth noting that the heterogeneity error is the smallest of the three types of error.
14 Although CHARM clearly failed to measure Hubei's volume and pattern of trade satisfactorily, its estimates of supply multipliers were generally more realistic. These multipliers suggested that, on average, a rise in the final demand for Hubei's industries of one million yuan would raise the total supply of commodities (including products imported from other provinces or from abroad) by 2.078 million yuan. Since the official data indicated an average rise of 1.919 million yuan, this represents an average overstatement of 0.159, made up of scaling, technology and heterogeneity errors of 0.066, 0.072 and 0.022, respectively. By contrast, the classical CB method overstated the multipliers by 0.299 on average. This overstatement is bigger because the CB method tends to understate imports, as it disregards the heterogeneity of commodities and hence cross-hauling.
We identified four key ways in which CHARM's performance might be enhanced. The first was to use Round's 'fabrication' factor to adjust for any known divergence between regional and national technology. Secondly, we investigated some alternative ways of scaling national final demand. This investigation highlighted the importance of scaling final consumption correctly. Thirdly, we examined possible reasons why the national and regional values of h i might diverge. Here we recommended that adjustments should be made to allow for any known differences between the sectoral mix of products at the regional and national levels. Lastly, it was suggested that a hybrid approach could be pursued, with judicious use being made of superior data gleaned from official sources and from partial surveys of key regional sectors and important cells in the regional input output table.
Nonetheless, some basic issues remain to be addressed concerning Kronenberg's assumption that n i r i h h . For instance, the heterogeneity of products traded internationally might differ from that in interregional trade. More fundamentally, Jackson (2014) suggests that Kronenberg's formula for estimating cross-hauling is mis-specified in the sense that it presumes that the share of cross-hauling (as measured by h i ) is invariant across regions. Jackson argues that this share should vary with a region's economic size. However, the evidence presented here for Hubei suggests that Kronenberg's assumption does not yield systematically incorrect results. Clearly, this issue requires further investigation. In particular, it would be instructive to investigate what happens to interregional and international trade as regions get larger and the impact this has on the values of h i .
The results presented here for Hubei differ markedly from those obtained by Flegg and Tohmo (2013a) for Uusimaa in Finland, where CHARM gave reasonable estimates of the volume and pattern of trade. A key reason for this dissimilarity is probably that Uusimaa is a relatively large province, which produced 34.6% of Finland's national output in 2002, and accounted for 31.4% of total employment, whereas Hubei produced around 4% of China's GDP in 2010 and employed about 2.8% of its urban labour force. Furthermore, the sheer geographical size of China is likely to pose problems in any simulation of regional trade.
Indeed, there are good reasons to expect CHARM to perform better in relatively large regions than in relatively small ones. In particular, regional and national technology should converge as regional size increases simply because a greater proportion of national production would occur within the region. For similar reasons, the pattern of regional final demand should converge to the national one as regions get larger. Our findings for Hubei serve to emphasize the importance, especially in smaller regions, of adjusting for any known differences in technology and the pattern of final demand. As with any pure non-survey technique, CHARM can only be expected to produce an initial set of results, which should then be reviewed by the analyst and suitable adjustments made. At best, CHARM can only be expected to attain 'holistic' accuracy (Jensen, 1980) . It is worth emphasizing that CHARM is suitable for environmental and other applications where the focus is on the overall supply of goods, regardless of their source. It can only be used in conjunction with type A national tables, where intermediate transactions include imports. By contrast, where the focus is on regional output and employment, the FLQ (Flegg's location quotient) may be used to generate an initial set of regional input coefficients.
12 However, it requires national transactions matrices that exclude imports (type B tables), which are unavailable for China. Hence it is unsurprising that the multipliers for these sectors are very low. 9. For an application of this approach, using data for Mecklenburg-Western Pomerania, see Kronenberg (2010) . Data to inform such assessments can be gleaned from many sources. For instance, in Germany, value added is reported annually for the federal states disaggregated into 16 sectors. In Finland, regional accounts are published annually and are a source of value-added data. Regarding the USA, Lahr (2001, p. 172) remarks that 'The US Bureau of Economic Analysis, which releases the official US I-O tables, produces a series on value added for states, albeit at a rather aggregated level both geographically and sectorally.' 10. As another experiment, final consumption was scaled by the ratio of total regional to total national consumption, while sectoral output shares were used for the remaining components. However, this method gave decidedly worse results for manufacturing sectors 16, 18 and 19, along with similar results for most of the remaining sectors. 11. It should be noted that the official statistics used in this evaluation of CHARM are bound to contain errors, yet their extent is unfortunately impossible to ascertain with any precision. Nevertheless, in the authors' considered opinion, the official figures for Hubei's exports and imports appear to be questionable in the following instances: Sector 1: the recorded figure for net exports of 1,857 million yuan looks rather low. Sectors 17 and 28: there should arguably be positive rather than negative trade balances. Sector 24: there should arguably be a negative rather than a positive trade balance. 12. See Bonfiglio and Chelli, 2008; Flegg et al., 1995; Tohmo, 2013b, 2014; Webber, 1997, 2000; Kowalewski, 2015; Tohmo, 2004. 13. This taxonomy of tables into types A and B follows Kronenberg (2012) Miller and Blair (2009, pp. 149 157) . 
